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Description 

[COLD CATHODE FLUORESCENT FLAT 
LAMP AND DRIVING METHOD THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93109561, filed on April 07, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention generally relates to a cold cathode 
fluorescent flat lamp (CCFFL). More particularly, the 
present invention relates to a cold cathode fluorescent flat 
lamp (CCFFL) having larger and uniform light emitting 
area. 

[0004] Description of Related Art 

[0005] Recently, as the development of electronic technology ad- 
vances, the electronic devices such as mobile phone, digi- 
tal camera, digital video camera, notebook or desktop 
computer are developed to be more convenient, multi- 



functional and beautiful in shape. Especially, the display 
device of mobile phone, digital camera, digital video cam- 
era, notebook or desktop computer is an indispensable 
and important interface for the communication between 
the device and the user, and has been improved to be 
more convenient and multi-functional. Recently, liquid 
crystal display panel (LCD panel) has become the major 
trend of the display device of the electronic devices de- 
scribed above. However, since the liquid crystal display 
panel is not self-illuminant, a backlight module should be 
adopted under the LCD panel as a light source. 
[0006] In general, a conventional backlight module includes a 

lamp tube, a reflector holder and a light guide plate (LCP). 
The light guide plate can transform the linear light source 
emitted by the lamp tube into a surface light source. Con- 
ventionally, the lamp tube is disposed on one side of the 
light guide plate, thus the uniformity of the surface light 
source transformed by the light guide plate is not well de- 
veloped. Therefore, a plurality of optical films of layers, 
such as, diffuse films or light enhancement films or layers, 
is disposed on the light exit plane of the light guide plate. 
However, since the light guide plate and optical film or 
layer is expensive, the cost of the backlight module is in- 



creased. In addition, since tlie lamp tube, the reflector 
holder and the light guide plate are isolated components, 
a glue trim is required to load and mount the lamp tube, 
the reflector holder and the light guide plate. In summary, 
the fabrication of the conventional backlight module is 
complex, and the cost of the fabrication is high. 

[0007] Therefore, a cold cathode fluorescent flat lamp (CCFFL) is 
developed recently. In general, the cold cathode fluores- 
cent flat lamp (CCFFL) has a better luminous efficiency 
and uniformity than the conventional light source gener- 
ated by the lamp tube, and may be provide as a large area 
surface light source. Therefore, the cold cathode fluores- 
cent flat lamp (CCFFL) has been broadly used in the back- 
light module of the liquid crystal display panel and in 
other application. 

[0008] It is noted that, the cold cathode fluorescent flat lamp 

(CCFFL) is a plasma light emitting component, wherein the 
plasma is formed by the ionized gas generated by the col- 
lision of the inert gas with the electrons emitted by the 
cathode of a cavity. Thereafter, ultraviolet light is emitted 
by the transition of the excited gas atoms of the plasma 
from the excited state to the ground state. Then, the 
emitted ultraviolet light further excites the fluorescence 



material coated on the inside wall of the cavity to generate 
visible light. 

[0009] Recently, the driving method of the cold cathode fluores- 
cent flat lamp (CCFFL) is generally performed by control- 
lable local discharge method. For example, a plurality of 
protrusions is disposed on the electrode to generate point 
discharge on the protrusions of the electrode. Therefore, 
a large area of cold cathode fluorescent flat lamp (CCFFL) 
is constructed by, for example, a variety of point lamps. 

[0010] However, in the local discharge method, the light intensity 
of the cold cathode fluorescent flat lamp (CCFFL) is not 
uniform. For example, the light intensity near the protru- 
sions is larger than that away from the protrusions, and 
thus a regular pattern of light source having alternative 
bright and dark areas is generated. Thus the whole light 
emitting uniformity of the cold cathode fluorescent flat 

lamp (CCFFL) is reduced. 
Summary of Invention 

[0011] Therefore, the present invention is directed to a cold 

cathode fluorescent flat lamp (CCFFL) to increase the light 
emitting uniformity. 

[0012] In addition, the present invention is directed to a method 
of driving a cold cathode fluorescent flat lamp (CCFFL) to 



increase the light emitting uniformity of the cold cathode 
fluorescent flat lamp (CCFFL). 
[0013] Moreover, the present invention is directed to a cold cath- 
ode fluorescent flat lamp (CCFFL) having a larger dis- 
charge area between the electrodes. Thus, the light emit- 
ting area of the cold cathode fluorescent flat lamp (CCFFL) 
is also increased, and the whole light emitting uniformity 
of the cold cathode fluorescent flat lamp (CCFFL) is in- 
creased. 

[0014] jhe present invention provides a cold cathode fluorescent 
flat lamp (CCFFL) comprising, for example but not limited 
to, a cavity, a fluorescence material, a discharge gas, at 
least one first electrode pairs and at least one second 
electrode pair. The cavity comprises, for example but not 
limited to, a first inner wall and a second inner wall oppo- 
site to the first inner wall or disposed on an outer wall of 
the cavity. The fluorescence material is disposed over the 
inner wall of the cavity, wherein the inner wall comprises 
the first inner wall and/or the second inner wall. The dis- 
charge gas is disposed inside the cavity. The first elec- 
trode pair is disposed over the first inner wall, or may be 
disposed over the outer wall of the cavity, and each of 
first electrode pairs comprises a first anode and a first 



cathode, wherein a first light emitting area is generated 
between the first anode and the first cathode. The second 
electrode pair is disposed over the second inner wall, or 
may be disposed over the outer wall of the cavity, and 
each of second electrode pair comprises a second anode 
and a second cathode, wherein a second light emitting 
area is generated between the second anode and the sec- 
ond cathode. 

[0015] In one embodiment of the present invention, the cavity 
comprises a first substrate, a second substrate and a side 
bar. The second substrate is disposed over the first sub- 
strate, and the side bar is disposed between the first sub- 
strate and the second substrate and connected to an edge 
of the first substrate and an edge of the second substrate. 

[0016] In one embodiment of the present invention, a portion of 
the first light emitting areas is not overlapped with the 
second light emitting areas, or a portion of the second 
light emitting areas is not overlapped with the first light 
emitting areas. In another embodiment of the invention, 
all of the first light emitting areas are not completely 
overlapped with all of the second light emitting areas. 

[0017] In one embodiment of the present invention, the first an- 
odes and the first cathodes over the first inner wall are ar- 



ranged in a sequence in tlie order of anode, catliode, 
catliode and anode. In anotlier embodiment of tlie inven- 
tion, tlie second anodes and tlie second catliodes over the 
second inner wall are arranged in a sequence of anode, 
cathode, cathode and anode. 

[0018] In one embodiment of the present invention, each of the 
first anodes, each of the first cathodes, each of the second 
anodes or each of the second cathodes comprises a plu- 
rality of protrusions. 

[0019] In addition, the present invention provides a driving 

method of a cold cathode fluorescent flat lamp (CCFFL) for 
improving the light emitting uniformity of the cold cath- 
ode fluorescent flat lamp (CCFFL). The method comprises, 
for example but not limited to, the following steps. First, a 
plurality of first light emitting areas and a plurality of sec- 
ond light emitting areas are generated alternately by the 
cold cathode fluorescent flat lamp (CCFFL). It is noted that 
the first light emitting areas and the second light emitting 
areas are not completely overlapped, and a frequency of 
alternately generating the first light emitting areas and 
the second light emitting areas is higher than a range that 
can be viewed as separate elements by unaided human 
eye. 



[0020] In one embodiment of the present invention, tlie fre- 
quency of alternately generating the first light emitting 
areas and the second light emitting areas comprises 
16Hz. 

[0021] In addition, the present invention provides a driving 

method of a cold cathode fluorescent flat lamp (CCFFL) for 
improving the light emitting uniformity of the cold cath- 
ode fluorescent flat lamp (CCFFL). The method comprises, 
for example but not limited to, the following steps. First, a 
plurality of first light emitting areas and a plurality of sec- 
ond light emitting areas are generated alternately by the 
cold cathode fluorescent flat lamp (CCFFL). It is noted 
that, a portion of the first light emitting areas is not over- 
lapped with the second light emitting areas, or a portion 
of the second light emitting areas is not overlapped with 
the first light emitting areas. In addition, a frequency of 
alternately generating the first light emitting areas and 
the second light emitting areas is higher than a range that 
can be viewed as separate elements by unaided human 
eye. 

[0022] In one embodiment of the present invention, the fre- 
quency of alternately generating the first light emitting 
areas and the second light emitting areas comprises 



16Hz. 

[0023] Furthermore, the present invention provides a cold cath- 
ode fluorescent flat lamp (CCFFL) comprising, for example 
but not limited to, a cavity, a discharge gas, a fluores- 
cence material and at least one electrode pair. The dis- 
charge gas is disposed inside the cavity, the fluorescence 
material is disposed over the inner wall of the cavity. The 
electrode pair is disposed over the inner wall of the cavity, 
or may be disposed over the outer wall of the cavity. It is 
noted that each of the electrode pairs comprises a plural- 
ity of first protrusions and a plurality of second protru- 
sions disposed opposite to the first protrusions, wherein 
the first protrusions and the second protrusions are not 
aligned. 

[0024] In one embodiment of the present invention, the first pro- 
trusions and the second protrusions are arranged in equal 
distance, and an interval of the first protrusions and an 
interval of the second protrusions are equal. 

[0025] In one embodiment of the present invention, each the first 
protrusions is aligned with a midpoint of two of the sec- 
ond protrusions adjacent thereof. 

[0026] In one embodiment of the present invention, the cavity 
comprises, for example, a first substrate, a second sub- 



strate and a side bar. The second substrate is disposed 
over tlie first substrate, and tlie side bar is disposed be- 
tween tlie first substrate and tlie second substrate and 
connected to an edge of tlie first substrate and an edge of 
the second substrate. 

[0027] Accordingly, a plurality of non-aligned light emitting ar- 
eas is disposed in the cold cathode fluorescent flat lamp 
(CCFFL) of the present invention, and the light emitting 
areas are alternately driven rapidly. Therefore, the cold 
cathode fluorescent flat lamp (CCFFL) may be provided as 
a large area surface light source due to the persistent vi- 
sion of human eye. Thus, the pattern of the light source 
having a variety of bright and dark areas generated in the 
conventional driving method of the cold cathode fluores- 
cent flat lamp (CCFFL) due to local discharge is reduced. 

[0028] In addition, a plurality of protrusions may be disposed 
over the electrodes of the cold cathode fluorescent flat 
lamp (CCFFL) of the present invention. In the present in- 
vention, each protrusion of one electrode will discharge to 
the other two corresponding adjacent protrusions on the 
electrodes of the same electrode pair respectively. There- 
fore, the discharge area between the electrodes of the 
cold cathode fluorescent flat lamp (CCFFL) of the present 



invention is larger tlian tliat of tlie conventional cold cath- 
ode fluorescent flat lamp (CCFFL). Therefore, each elec- 
trode pair of the cold cathode fluorescent flat lamp 
(CCFFL) of the present invention has a larger light emitting 
area than that of the conventional ones. Therefore, the 
whole light emitting uniformity of the cold cathode fluo- 
rescent flat lamp (CCFFL) of the invention is increased. 
[0029] It is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0030] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
following drawings illustrate embodiments of the inven- 
tion and, together with the description, serve to explain 
the principles of the invention. 

[0031] FIG, 1 Is a cross-sectional view illustrates a cold cathode 
fluorescent flat lamp (CCFFL) according to one embodi- 
ment of the present invention. 

[0032] FIG. 2 is a cross-sectional view illustrates a cold cathode 
fluorescent flat lamp (CCFFL) according to one embodi- 



ment of the present invention. 
[0033] FIG. 3 is a cross-sectional view illustrating an electrode 
pair of a cold cathode fluorescent flat lamp (CCFFL) ac- 
cording to one embodiment of the present invention. 
Detailed Description 

[0034] The present invention now will be described more fully 

hereinafter with reference to the accompanying drawings, 
in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in 
many different forms and should not be construed as lim- 
ited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of 
the invention to those skilled in the art. Like numbers re- 
fer to like elements throughout. 

[0035] The present invention is related to placement of elec- 
trodes of the cold cathode fluorescent flat lamp (CCFFL) 
and the method of arrangement thereof. In addition, the 
present invention is related to a driving method of the 
cold cathode fluorescent flat lamp (CCFFL) to enhance the 
light emitting uniformity of the cold cathode fluorescent 
flat lamp (CCFFL). Hereinafter, a variety of embodiments 
will be provided to describe the driving method of the 



cold cathode fluorescent flat lamp (CCFFL) of the present 
invention and the dispose position and the arrangements 
of the electrodes of the cold cathode fluorescent flat lamp 
(CCFFL). However, the embodiments are only illustrated a 
examples and can not be used to limit the scope of the 
present invention. 
[0036] FIG. 1 is a cross-sectional view illustrating a cold cathode 
fluorescent flat lamp (CCFFL) according to one embodi- 
ment of the present invention, wherein the "+"and "-" 
shown in FIG. 1 represent the polarity of the electrodes, 
for example, "+" represents an anode and "-" represent a 
cathode. 

[0037] Referring to FIG. 1, the cold cathode fluorescent flat lamp 
(CCFFL) 100 comprises, for example but not limited to, a 
cavity 102, a discharge gas 104, a fluorescence material 
106, first electrode pairs 108 and second electrode pairs 
110. The cavity 102 comprises a first inner wall and a 
second inner wall opposite to the first inner wall. In the 
present embodiment, the cavity 102 comprises, for exam- 
ple but not limited to, a first substrate 112, a second sub- 
strate 114 disposed over the first substrate 112 and a 
side bar 116 connected to an edge of the first substrate 
112 and an edge of the second substrate 114. Therefore, 



in the present embodiment, tlie first inner wall may be tlie 
first substrate 112, and tlie second inner wall may be the 
second substrate 114. 

[0038] The fluorescence material 106 is disposed over the inner 
wall of the cavity 102, for example but not limited to, dis- 
posed over the first substrate 112 and/or the second sub- 
strate 114. The discharge gas 104 is disposed inside the 
cavity 102 and comprises, for example but not limited to, 
inert gas such as xenon (Xe), neon (Ne) or argon (Ar) or 
the mixing thereof. 

[0039] The first electrode pairs 108 is disposed over the first in- 
ner wall of the cavity 102, for example but not limited to, 
over the first substrate 112. For example, each of first 
electrode pairs 108 comprises a first anode 120 (as the 
"+" shown in FIG. 1) and a first cathode 130 (as the "-" 
shown in FIG. 1). In one embodiment of the invention, the 
first anodes 120 and the second cathodes 130 are ar- 
ranged in a sequence in the order of anode, cathode, 
cathode and anode over the first substrate 112 as shown 
in FIG. 1. The second electrode pair 110 is disposed over 
the second inner wall of the cavity 102, for example but 
not limited to, over the second substrate 114. Each sec- 
ond electrode pair 110 may comprise a second anode 122 



and a second cathode 132. In one embodiment of the in- 
vention, a sequence of arranging the second anodes 122 
and the second cathodes 132 over the second substrate 
114 is similar or identical to a sequence of arranging the 
first anodes 120 and second cathodes 130 over the first 
substrate 112 described above. 
[0040] The light emitting mechanism of the cold cathode fluores- 
cent flat lamp (CCFFL) 100 of the invention is driven by 
discharging the electrodes. In one embodiment of the 
present invention, the light emitting mechanism generates 
a first light emitting area 140 between the first anode 120 
and the first cathode 130 of each first electrode pair 108, 
and generates a second light emitting area 150 between 
the second anode 122 and the second cathode 132 of 
each second electrode pair 110 as shown in FIG. 1. How- 
ever, the range of the first light emitting area 140 and the 
range of the second light emitting area 150 shown in FIG. 
1 are only illustrated for describing the position thereof. It 
is noted that, the actual range of the first light emitting 
area 140 and the actual range of the second light emitting 
area 150 are dependent on the operational parameters of 
the cold cathode fluorescent flat lamp (CCFFL) 100, for 
example, the number of excited atoms of the discharge 



gas 104 and can not be limited by FIG. 1. 

[0041] In one embodiment of the invention, a portion of the first 
light emitting areas 140 is not overlapped with the second 
light emitting areas 150, or a portion of the second light 
emitting areas 150 is not overlapped with the first light 
emitting areas 140. Therefore, the non-illuminating area 
160 disposed between the first electrode pair 108 and the 
second electrode pair 110 may be compensated. 

[0042] In addition, in another embodiment of the present inven- 
tion, the first light emitting areas 140 and the second 
light emitting areas 150 are not completely overlapped. 
FIG. 2 is a cross-sectional view illustrating a cold cathode 
fluorescent flat lamp (CCFFL) according to one embodi- 
ment of the present invention. In comparison with FIG. 1, 
the position for disposing the electrodes shown in FIG. 2 
is different. Besides, other components of FIG. 2 having 
the same reference numbers shown in FIG. 1 comprises 
the same or similar material, dispose position and con- 
struction of FIG. 1 and will not be described hereinafter. 

[0043] Referring to FIG. 2, the first light emitting area 140 and 
the second light emitting area 150 of the cold cathode 
fluorescent flat lamp (CCFFL) 200 are alternately arranged 
over the cavity 102. Therefore, the first light emitting area 



140 can completely compensate the non-illuminating area 
160 between the second electrode pairs 110, and the sec- 
ond light emitting area 150 can completely compensate 
the non-illuminating area 160 between the first electrode 
pairs 108. 

[0044] In order to make the first light emitting area 140 and the 
second light emitting area 150 of the two embodiments 
described above being complementary, the present inven- 
tion provides a driving method of the cold cathode fluo- 
rescent flat lamp (CCFFL). Next, referring to FIG. 1 and 
FIG. 2, in the driving method, the first electrode pair 108 
and the second electrode pair 110 are alternately driven. 
Therefore, the first electrode pair 108 and the second 
electrode pair 110 are alternately discharged in a fre- 
quency. Therefore, a first light emitting area 140 and a 
second light emitting area 150 of the cold cathode fluo- 
rescent flat lamp (CCFFL) 100 or 200 are generated alter- 
nately. In one embodiment of the invention, in the driving 
method, for example but not limited to, a voltage having 
waveform of sine wave or pulse wave is provided for driv- 
ing the first electrode pair 108 and the second electrode 
pair 110. 

[0045] It is noted that, the frequency of the alternately discharg- 



ing of the first electrode pair 108 and tlie second elec- 
trode pair 110 should be higher than a frequency range 
that can be viewed as separate elements by unaided hu- 
man eye, to generate a persistent vision in the eye. In ad- 
dition, since the first light emitting area 140 and the sec- 
ond light emitting area 150 are not totally overlapped, the 
non-illuminating area 160 may be mutually compensated, 
therefore, the non-illuminating area 160 can not be 
viewed as separate elements by the unaided human eye. 
Therefore, the pattern of the light source having a variety 
of bright and dark areas generated in the conventional 
cold cathode fluorescent flat lamp (CCFFL) and the driving 
method thereof can be reduced. In one embodiment of 
the present embodiment, the frequency of alternately dis- 
charging the first electrode pair 108 and the second elec- 
trode pair 110 is, for example but not limited to, equal to 
or larger than 16 Hz. 
[0046] In another embodiment of the present invention, the elec- 
trodes of the cold cathode fluorescent flat lamp (CCFFL) 
comprises a plurality of protrusions. FIG. 3 is a cross- 
sectional view illustrating an electrode pair of a cold cath- 
ode fluorescent flat lamp (CCFFL) according to one em- 
bodiment of the present invention. Referring to FIG. 3, the 



set electrode pair comprises a catliode 300 and an anode 
302. The anode 302 comprises, for example but not lim- 
ited to, a plurality of first protrusions 304, and the cath- 
ode 300 comprises a plurality of second protrusions 306 
opposite to the first protrusions 304. 
[0047] Referring to FIG. 3, the first protrusions 304 and the sec- 
ond protrusions 306 are arranged in equal distance, and 
an interval of the first protrusion 304 and an interval of 
the second protrusion 306 are equal. In one embodiment 
of the invention, each first protrusion 304 is not aligned 
with the second protrusions 306. In another embodiment 
of the invention, each first protrusion 304 is aligned at the 
midpoint of two adjacent second protrusions 306 respec- 
tively. 

[0048] It is noted that, the "aligned" described above means that 
when a connection line L of a point P of the anode 302 
and a point Q of the cathode 300 is perpendicular to an 
extension of the cathode 300 or an extension of the an- 
ode 302, it is said that the point P is aligned to the point 
Q, or the point Q is aligned to the point P. 

[0049] After the electrode pairs are driven, the anode 302 and 
the cathode 300 will discharge between the first protru- 
sions 304 and the second protrusions 306. It is noted 



that, each first protrusion 304 will discharge to the corre- 
sponding two adjacent second protrusions 306, and thus 
the light emitting area between the electrode pairs are in- 
creased. Therefore, the light emitting uniformity of the 
cold cathode fluorescent flat lamp (CCFFL) is increased. 
[0050] Accordingly, a plurality of non-aligned light emitting ar- 
eas is disposed in the cold cathode fluorescent flat lamp 
(CCFFL) of the present invention, and the light emitting 
areas are alternately driven rapidly. Therefore, the cold 
cathode fluorescent flat lamp (CCFFL) may be provided as 
a large area surface light source due to the persistent vi- 
sion of human eye. Thus, the pattern of the light source 
having a variety of bright and dark areas generated in the 
conventional driving method of the cold cathode fluores- 
cent flat lamp (CCFFL) due to local discharge is effectively 
reduced. 

[0051] In addition, a plurality of protrusions may be disposed 
over the electrodes of the cold cathode fluorescent flat 
lamp (CCFFL) of the present invention. In the present in- 
vention, each protrusion of one electrode will discharge to 
the other two corresponding adjacent protrusions on the 
electrodes of the same electrode pair respectively. There- 
fore, the discharge area between the electrodes of the 



cold cathode fluorescent flat lamp (CCFFL) is larger than 
that of the conventional cold cathode fluorescent flat lamp 
(CCFFL). Therefore, each electrode pair of the cold cath- 
ode fluorescent flat lamp (CCFFL), according to an em- 
bodiment of the present invention, has a larger light emit- 
ting area than that of the conventional ones. Therefore, 
the whole light emitting uniformity of the cold cathode 
fluorescent flat lamp (CCFFL) of the invention is increased. 
[0052] It vvill be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



